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Abstract: 
We performed two experiments to examine the effects of different water treatments and 
micro topographic conditions on the growth of sphagnum species. In order to examine the effects 
of different micro topographic conditions on sphagnum regeneration, we worked with two 
species of sphagnum; Sphagnum palustre and Sphagnum capillifolium. The focus of this 
experiment revolved around identifying which species of sphagnum has the greater capacity to 
regenerate and which of these two sphagnum species has the competitive advantage. The final 
results will center around which test container of sphagnum displayed the greatest growth in 
biomass making it a potential candidate for the goal of sphagnum regeneration in Tamarack Bog. 
In order to examine the effects of different water treatments on sphagnum growth, we grew the 
same S. capillifolium in three different water sources. We collected S. capillifolium from Singer 
Lake bog and collected water sources from Singer Lake and Tamarack Bog of the Bath Nature 
Preserve; we also used reverse osmosis water as a third source. We grew the S. capillifolium in 
each of the three different water treatments. The moss grew best in reverse osmosis water.  We 
thought the suspended sediments from the Singer Lake water and Tamarack Bog water may have 
inhibited optimal growth of the sphagnum shoots. Therefore, we used gravity filtration to filter 
out the suspended sediments.  
Introduction: 
Sphagnum is a genus of mosses that are major constituents of a well-functioning 
peatland. Sphagnum forms peatland carpets, with gradients of peat at high points referred to as 
hummocks and low points referred to as hollows (Rydin, 1986). The hummock is usually found 
above the water level while the hollow is found below the water level (Rydin, 1986). “Peatlands 
are wetlands with a thick water-logged organic soil layer made of dead and decaying plant 
material (Wetlands International).”Peatlands are critical for both water and atmospheric carbon 
regulation (Biello, 2009). The thick soil layer of peatland is very moist and can hold large 
quantities of water (Rydin, 1986). Therefore after heavy rains, it can hold a significant amount of 
water so that it minimizes the occurrence of floods. Peatlands also serve as a carbon sink which 
can store large amounts of carbon for an indefinite period of time as long as they are not 
disturbed by outside factors most notable of which today being human influences like ditching 
and draining (Price et al., 2003). Locally, the Tamarack Bog located in the Bath Nature Preserve 
has suffered from the consequences of draining and ditching. After decades of these bad 
practices this past century, the thick peatland soil layer of the Tamarack Bog has been deprived 
of its water, leaving its prevalent organic matter exposed to the air where it decomposes and 
serves as a large source of carbon dioxide emission. This has eventually caused the depletion of 
the organic matter or peat of the Tamarack Bog. The natural hydrology of the bog has been 
altered and if left unchecked the progression of the bog into a terrestrial forest is likely to be 
rapid (Miletti et al., 2005).   
The final goal of this project is to determine whether S. palustre, S. capillifolium, or both 
species together have the best potential for growth at reconstituting the sphagnum population of 
Tamarack Bog, since sphagnum cover currently in the Tamarack Bog is sparse (Miletti et al., 
2005). We expect the sphagnum species with the higher natural habitat to have the competitive 
advantage over S. palustre because S. palustre has a naturally lower habitat (below the water 
level) than most sphagnum species meaning that S. capillifolium is more likely to regenerate on 
the hummock (Crum and Anderson, 1981; Laine, 2009). In a situation where two sphagnum 
species are introduced at the same time to a hummock, usually the one with the higher natural 
habitat is more likely to have the competitive edge (Robroek et al., 2007). Hollows are found in 
lower elevations of peatland and retain a larger volume of water than hummock. Sphagnum 
species whose natural habitat is in lower elevations would require a larger amount of water to 
survive and would be more sensitive to any decrease in water availability than sphagnum who 
naturally reside in areas of higher elevations. Finally, with our second experiment we will 
examine the effects of different water treatments with differing pH and sediment concentration 
on the growth of S. capillifolium.  
Materials/Methods: 
 The sphagnum species S. capillifolium and S. palustre were collected from Singer Lake 
Bog and were identified using the sphagnum identification keys from Crum (1984) and 
McKnight et al., (2013). We obtained S. capillifolium on November 4th, 2014 and S. Palustre on 
November 6th, 2014 from Singer Lake Bog. The experiment was started on November 20th, 2014 
and ended January 20th, 2015. Under the microscope, we observed the following key 
characteristics for one of the test species S. palustre; the presence of resorption furrows on the 
leaf cross-section and green chlorophyllous cells on the concave portion of the leaf cross-section 
in between the hyaline cells. According to Crum (1984) and McKnight et al., (2013), these 
characteristics are typical of the species S. palustre. In addition, the morphology of the stem and 
branch leaves matched those that are unique to S. palustre.  
Hummock Experiment: For the sake of examining the effects of micro topographic 
conditions on sphagnum growth, the sphagnum species was placed either independently or in 
conjunction with one another in a set hummock gradient. In order to minimize extraneous 
variables in our results, the hummock gradient was kept constant throughout all of the 
experimental samples. The depth of the hollow in each of the containers was kept constant at 
around 3.7 cm. We had fifteen clear containers (34.6 cm x 21 cm x 12.4 cm) where in the first 
five containers we put one of the two species of sphagnum independently, in the second five 
containers we put both species of sphagnum, and in the final five containers we placed the other 
species of sphagnum independently. The role of the combined placement of both species of 
sphagnum into one container was to test whether one species of sphagnum is dominant over the 
other (competitive advantage) or will growth of both sphagnum species occur in conjunction 
with one another. Each of the fifteen water containers containing sphagnum was regularly 
resupplied with enough distilled water to barely submerge the hollow portion. The water was 
resupplied to each of the fifteen containers every other day (Monday, Wednesday, and Friday) 
because the sphagnum species have hyaline cells which absorb water from the surrounding 
environment to expand. The hummock gradient in each of the containers was made from Mosser 
Lee commercialized peat. Size measurements for the sphagnum species in each container were to 
be taken on a monthly basis by analysis of photos with image J software. The photos were to be 
taken at the same magnification throughout the experiment and this would allow us to determine 
any sphagnum growth. Each picture had a size interval key that would tell us the real life size 
equivalent, making it possible to measure growth.  
To minimize extraneous variables in this experiment, all three containers were placed in a 
humidified incubator where they were to be exposed to the same amount of light, the same 
temperature of 65°F, and the same humidity of 40%. The humidity was the same for all three 
containers because each was sealed by plastic wrap (40 cm x 25 cm) in the same manner. As the 
sphagnum in the containers grew it was necessary to adjust the setup of the experiment by adding 
a pencil to each side as well as a piece of paper to each end of the container in order to elevate 
the plastic wrap covering the sphagnum as shown below.  
 
Cup Experiments: Two different cup experiments were conducted in order to determine 
the effects of different sources of water on sphagnum growth. For the first cup experiment, the 
three water treatment sources were Tamarack Bog, Singer Lake Bog, and reverse osmosis. Prior 
to the first cup experiment the pH of the Tamarack Bog water was 7.13, the pH of the Singer 
Lake Bog water was 6.05, and the pH for the reverse osmosis water was 6.10. The first cup 
experiment lasted for a period of thirty days beginning on December 8th, 2014 and ending on 
January 8th, 2015. The cup manipulations were conducted in a greenhouse and modeled after 
Ingerpuu and Vellak (2013).  For the first experiment, thirty clear plastic cups with a height of 7 
cm, a base diameter of 5.5 cm, and an opening diameter of 9 cm were used. The S. capillifolium 
shoots were obtained from the Singer Lake Bog on November 4th, 2014 and each of their stems 
was cut 1.5 cm below their capitulum. Five sphagnum shoots were placed in each cup. There 
were ten replicates for each water source with a total sample size of fifty sphagnum shoots for 
every water source treatment. For the first cup manipulation experiment, water was added every 
other day (Monday, Wednesday, and Friday) until the water level was approximately at 1 cm 
from the bottom of the cups.  
After the completion of the thirty day period, the lengths of the sphagnum shoots were 
measured to determine the amount of growth that occurred. We observed that there was a large 
quantity of suspended particles from the water sources that had accumulated on the sphagnum 
shoots, leading us to be concerned that this could have inhibited the growth potential of the 
shoots. The presence of the suspended particles on the sphagnum was apparent from the black 
discoloration that had occurred on the sphagnum shoots. Therefore, prior to the beginning of the 
second experiment on February 2nd, 2015, we performed gravity filtration on the two bog water 
treatments. We also observed that there could have been a noticeable increase in biomass in a 
significant number of the shoots leading us to take weight measurements prior to the second cup 
experiment to determine if there was any noticeable weight gain at the end of the experiment. At 
the end of the second experiment, however, there was still a slight black discoloration on the 
sphagnum shoots grown in the Tamarack Bog and the Singer Lake water treatments, albeit to a 
lesser extent than what was observed after the first cup experiment. We rinsed each of the 
sphagnum shoots prior to taking final weight measurements but it was not possible to remove all 
of the sediments which was apparent from the black discoloration that remained.  It is important 
to note that the same three water source samples were used for the second cup experiment. 
Therefore, we had to stop the second cup experiment after a period of twenty one days on 
February 23rd, 2015, and had only eight cup replicates for every water source leading to a total 
sample size of forty sphagnum shoots for every water treatment. Prior to the second cup 
experiment, the pH of the Tamarack Bog water was 8.01, the pH of the Singer Lake Bog was 
6.72, and the pH of the reverse osmosis water was 7.83. Finally, in order to better control for the 
volume of water added, water was added every other day to a depth of 15mL for each of the 
cups.   
 
 
 
 
 
 
 
 
Results/Discussion: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A.1 B.1 
Figure A.1 represents the S. palustre at the beginning of the experiment on December 10, 
2014. Figure B.1 represent the S. palustre near the end of the experiment on January 7, 
2015. The pencils in figure B. 1 represent the setup that was made to lay the plastic wrap 
covering at a higher level due to the growth of the sphagnum. The drying of the sphagnum 
on the hummock portion of the gradient is also apparent.  
A.2 B.2 
Figure A.2 represents S. palustre and S. capillifolium in the same together prior to the 
beginning of the experiment on December 10, 2014. Figure B.2 represents S. palustre and S. 
capillifolium near the end of the experiment on January 7, 2015.  
  
 
 
 
 
 
 
 
 
 
 
Hummock Experiment: Unfortunately, at the start of the experiment the incubator got 
too warm, and this caused a rapid evaporation of the water in each of the fifteen containers which 
eventually led the sphagnum species to dry up. The temperature of the incubator which was 
originally set at 65°F rose to a temperature 85°F-90°F over the weekend, and by the time we returned 
to water the containers on Monday, the sphagnum were mostly dry. Despite this set back, we continued 
the experiment thinking that we may be able to recover reliable results with continued growth of the 
sphagnum species with continued watering, identical light intensity, but without the incubator. However, 
after a while it became apparent to us that the sphagnum species were too damaged to continue the 
experiment causing us to abruptly stop the experiment. Furthermore, the adjustment of the plastic wrap 
covering to a higher level to account for the increasing sphagnum growth was insufficient to maintain 
proper humidity leading to further drying of the sphagnum. In addition, our experimental design was not 
set up properly to measure biomass increase due to the fact that we did not take biomass measurements 
A.3 B.3 
Figure A.3 represents S. capillifolium in the same together prior to the beginning of the 
experiment on December 10, 2014. Figure B.3 represents S. capillifolium near the end of 
the experiment on January 7, 2015.  
prior to the beginning of the experiment.  We had only planned on measuring aerial coverage to determine 
the extent of growth that occurs in each of the two species. Finally, for an experiment replicate, in 
addition to taking biomass measurements prior to the beginning of the experiment, proper plans would 
need to be undertaken to adjust the height of the plastic wrap covering with the increasing height of the 
sphagnum species in order to maintain proper humidity. We believe that the experiment would be 
successful with the use of a more reliable incubator. Despite the drying that occurred in the sphagnum 
from the incubator malfunctioning, some of the sphagnum was able to slightly recover and regain its 
coloration as indicated by the figures. Green coloration is present in some of the sphagnum shoots in 
Figures B.1, B.2, and B.3. However, due to the majority of the sphagnum drying up we could not 
continue the experiment. While we were unable to get any reliable results to determine the effect of micro 
topography on sphagnum growth, we were able to complete two cup experiments to examine the effect of 
different water treatments on sphagnum growth.  
 First Cup Experiment: T
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significantly greater growth than the sphagnum grown in both the Tamarack Bog water and the 
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Figure 2. The above figure shows the sphagnum length response to filtered water for the 
second cup experiment.   
  
 
 
Second Cup Experiment: Sphagnum length increased significantly more in reverse 
osmosis water and Singer lake water than in Tamarack Bog water during the second cup 
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Figure 3. The above figure shows the sphagnum weight response to filtered water for the 
second cup experiment.   
experiment (Figure 2.). For the second cup experiment, the average increase in length for the 
sphagnum shoots treated with the reverse osmosis water was 0.1975 cm, 0.18 cm for those 
treated with Singer Lake Bog water, and 0.0375 cm for those treated with Tamarack Bog water. 
According to the Tukey’s 95% confidence interval test, the sphagnum shoots treated with reverse 
osmosis water had a significantly larger increase in length than those grown in the Tamarack 
Bog water. Likewise, there was also a significantly larger increase in length for those grown in 
Singer Lake water compared to those grown in the Tamarack Bog water. Finally, there were no 
significant differences in increase in weight or length/weight ratio between any of the three 
treatments. According to the results obtained from both cup experiments, there was no 
correlation between pH of the source water and the level of growth exhibited by the sphagnum.  
 
 
 The increase in length in the sphagnum shoots from the different water treatments did not 
directly correlate with an increase in weight. So while the sphagnum shoots grown in the reverse 
osmosis water displayed the greatest growth they did not display the greatest weight gain. In fact, 
the sphagnum shoots grown in the Tamarack Bog which displayed the least amount of growth 
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displayed the greatest weight gain. Unfortunately, however, there was a black discoloration in 
the sphagnum shoots grown in the Tamarack Bog water and Singer Lake water treatments that 
was indicative of sediment presence albeit at a lower concentration than what was observed in 
the first cup experiment. This could explain why an increase in weight was not accompanied by 
an increase in growth in the sphagnum grown in the Tamarack Bog water and the Singer Lake 
water. The weight gain could have been contributed partially to the sediments that had 
accumulated on the sphagnum shoots and not totally towards biomass increase. Furthermore, 
because the reverse osmosis water most likely had the lowest sediment concentration, the 
sphagnum grown in reverse osmosis displayed the greatest growth and least increase in weight 
possibly due to minimal if any sediment accumulation on the sphagnum shoots. This sediment 
accumulation could further account for the inhibition of sphagnum growth. In order to better 
understand this, we conducted a line graph to measure if there was a direct correlation between 
weight gain and length gain, and not surprisingly, there was no significant correlation from any 
of the r squared values for all three treatments. The highest r squared value obtained of 0.4287 
was for the sphagnum treated with Tamarack Bog water. This means that only 42.87% of the 
time can we contribute an increase in weight to an increase in length for those sphagnum shoots 
grown in Tamarack Bog water.  
 We are not sure as to why the gravity filtration that we performed on the water treatments 
for the second cup experiment was not completely sufficient in removing all of the sediments. 
This could possibly be attributed to human error while performing the gravity filtration or 
possibly a reaction that could be occurring within the Tamarack Bog water and Singer Lake 
water treatments that could be contributing to the sediment precipitation. The environment these 
two water treatments were placed in could play a role in influencing this reaction. The plastic 
bottles that the water treatments were placed in could have possibly played a role in causing the 
water treatments to precipitate out their sediments on the sphagnum shoots that they were added 
to. The sphagnum may be interacting with the bog water sources in a way that results in the 
precipitation of dissolved organic matter.  However, we are not sure if the plastic bottles were the 
reason or the sole reason that the water treatments caused sediment to accumulate on the 
sphagnum despite gravity filtration. In order to reach better results for an experiment replicate, it 
would be necessary to find out the reason behind this sediment presence in the filtered water to 
control for the experimental results. In order to better understand methods to reconstitute 
sphagnum in the Tamarack Bog, it is necessary to determine the environmental factors that 
contribute for optimal regeneration of sphagnum species.  
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